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(54) Integration process on a SOI substrate of a semiconductor device comprising at least a 
dielectrically isolated well 



(57) The invention relates to an integration process 
in a SOI substrate (103) of a semiconductor device (100) 
comprising at least a dielectrically insulated well (200), 
which process comprises: 

an oxidising step directed to form an oxide layer 

(111) ; 

a depositing step of a nitride layer (112) onto the 
oxide layer (111); and 

a masking step, carried out onto the nitride layer 

(112) using a resist layer (113) and directed to de- 
fine suitable photolithographic openings for forming 
at least one dielectric trench (104) effective to pro- 
vide side insulation for the well (200). 

The integration process of the invention further 
comprises: 

an etching step of the nitride layer (112) and oxide 
layer (111), as suitably masked by the resist layer 

(113) , the nitride layer (112) being used as a hard- 
mask; 

a step of forming the at least one dielectric trench 
(104), which step comprises at least one step of 
etching the substrate (103), an oxidising step of at 
least sidewalls (114) of the at least one dielectric 
trench (104), and a step of filling the at least one 
trench (104) with a filling material (105); and 

a step of defining active areas of components to be 
integrated in the well (200), being carried out after 
the step of forming the at least one dielectric trench 
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Description 

Field of Application 

[0001 ] This invention relates to an integration process 
in a SOI substrate of a semiconductor device comprising 
at least a dielectrically insulated well. 
[0002] Specifically, the invention relates to an integra- 
tion process in a SOI substrate of a semiconductor de- 
vice comprising at least a dielectrically insulated well, 
which process comprises: 

an oxidising step directed to form an oxide layer; 

a depositing step of a nitride layer onto said oxide 
layer; and 

a masking step, carried out onto said nitride layer 
using a resist layer and directed to define suitable 
photolithographic openings for forming at least one 
dielectric trench providing side insulation for said 
well. 

[0003] The invention relates, particularly but not ex- 
clusively, to a process for integrating a BiCMOS tech- 
nology device in a SOI (Silicon-On-lnsulator) substrate, 
and the description which follows will cover this field of 
application for convenience of illustration. 

Prior Art 

[0004] As it is well known, full electrical insulation for 
one or more devices may be obtained, for example, by 
integrating a dielectric trench insulating structure so as 
to create one or more isolation wells wherein such de- 
vices can be formed. 

[0005] Particularly with devices made in SOI sub- 
strates, which devices are characterised by a BOX (Bur- 
ied OXide) layer providing vertical insulation, a dielectric 
trench side insulating structure is specifically provided 
for lateral insulation only. 

[0006] Thus, continuity from the buried oxide layer to 
the dielectric trench side insulating structure ensures di- 
electric insulation of devices integrated in the SOI sub- 
strates and formed in suitable wells, known as isolation 
wells, which are surrounded by the BOX layer and the 
dielectric trench side insulating structure. 
[0007] Shown schematically in Figure 1 is a portion 1 
of a semiconductor device which includes essentially a 
dielectrically insulated well 2 according to the prior art. 
[0008] In particular, the semiconductor device portion 
1 includes a substrate region 3, also known as the han- 
dle-wafer, which usually provides mechanical support. 
Where complex devices are integrated, it also serves as 
an active silicon layer. 

[0009] Formed onto the substrate region 3 is a buried 
oxide (BOX) layer 4 which is used for vertical insulation 
of the well 2, side insulation thereof being provided by 



means of a side oxidised region which is covered by a 
nitride layer 6 and is provided at the edges of the well 2 
in dielectric contact with the buried oxide layer 4. 
[0010] In particular, the combination of two side oxi- 

5 dised regions 5 with their nitride layers 6, and the un- 
derlying portion of the buried oxide layer 4, forms a so- 
called dielectric trench insulating structure 7 which is 
usually filled with a filling material 8, usually polysilicon. 
[0011] The dielectric trench insulating structure 7 de- 

10 fines, inside the well 2, an integration region 9 (device- 
wafer) for a variety of components which are thus iso- 
lated from the remainder of the semiconductor device. 
[0012] The surface of the semiconductor device por- 
tion 1 should be sufficiently planar to allow the other lay- 

* 5 ers required for integrating components of interest in the 
well 2 to be grown or deposited. The involved layers may 
be photoresist, nitride, vapox, oxide, metallisation or 
other layers, for example. 

[001 3] It should be noted here that processes of etch- 
20 jng and depositing mutually selective layers are neces- 
sary to produce the side insulation, as well as for the 
planarising step. 

[0014] For example, silicon etching to form the dielec- 
tric trench insulating structure 7 is to be carried out se- 

25 lectively with respect to the surface layers (such as ox- 
ide and/or nitride layers). In particular the presence of 
the buried oxide layer 4, typical of SOI substrates, 
makes a complicated process sequence necessary to 
avoid etching away or damaging the layer 4 during any 

30 of the processing steps required to form the electrically 
isolated well 2. 

[001 5] From US Patent No. 5,811,315 to W. Yindeepol 
et al., a method of forming dielectric trench insulating 
structures in SOI substrates is known which comprises, 

35 in particular, a process sequence for integrating and 
planarising deep trenches, and is directed to leave the 
thickness of a field oxide, preliminarily grown over the 
silicon wafer surface, unaffected. 
[0016] Reference will be made now to Figures 2A to 

<o 20 for a description of this known process sequence. 
[0017] Starting with a SOI substrate 13 formed onto 
a conventional substrate 11 , and a buried oxide layer 12 
(as shown schematically in Figure 2A), the following lay- 
ers are formed in this order: a thick oxide layer 14 (also 

45 known as field oxide), being grown preliminarily over the 
silicon surface of the substrate 13; a silicon nitride layer 
15, being deposited onto said field oxide 14; and a (VA- 
POX or TEOS) deposited oxide layer 16, acting as a 
hardmask, which is deposited onto the previously 

50 formed layer 1 5 of silicon nitride. 

[0018] The silicon nitride layer 15 is used, in particu- 
lar, to avoid etching the field oxide 14 away during the 
step of removing the hardmask layer 16, as later provid- 
ed after a dielectric insulating trench 17 is formed. 

55 [0019] The hardmask layer 16 is purposely coated 
with a resist layer 18 (as shown schematically in Figure 
2B), and appropriate openings are formed to the same 
width as the dielectric trenches 17 to be formed, using 
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photolithographic processes well known to the skilled 
persons in the art. A step is then carried out of dry etch- 
ing the layers 16, 15 and 14, the etchant chemistry for 
these layers being selective with respect to the sub- 
strate 13. 

[0020] Thereafter, the resist layer 1 8 is removed, and 
the substrate 1 3 is dry etched down to the buried oxide 
layer 12 to form the dielectric trench 1 7 (as shown sche- 
matically in Figure 2C). 

[0021] To remove crystal damages caused during this 
etching step along the walls of the dielectric trench 1 7, 
a thin oxide layer 19, known as sacrificial oxide, is grown 
and subsequently removed (as shown schematically in 
Figures 2D and 2E). The thin sacrificial oxide layer 19 
is etched using a HF solution. This etching should not 
be applied for too long, overetching of the buried oxide 
layer 12 and the field oxide 14 being thus avoided. 
[0022] A sidewall oxidation process to grow an oxide 
layer 20 along the sidewalls of the dielectric trench 17 
(as shown schematically in Figure 2F), and a depositing 
step of a nitride layer 21 all over the surface of the sem- 
iconductor device (as shown schematically in Figure 
2G), are then carried out. 

[0023] The nitride layer 21 is next etched away, ani- 
sotropically and selectively with respect to the buried ox- 
ide layer 1 2, but allowed to stay on the sidewall surfaces 
of the dielectric layer 1 7 in order to form so-called spac- 
ers in contact with the silicon nitride layer 15 (as shown 
schematically in Figure 2H). The nitride layer 21 is in- 
stead removed from over the hardmask layer 16 and 
from the bottom of the dielectric trench 17. 
[0024] It should be noted that the deposition of the ni- 
tride layer 21 is also directed to prevent etching through 
the field oxide 14 as the hardmask layer 16 is removed. 
For the purpose, the thickness of the hardmask layer 16 
is originally selected to ensure that a vertical-wall por- 
tion of it will survive the various etching steps and pro- 
vide good covering of the spacer formed by nitride layer 
21 , which will serve to keep the side regions of the field 
oxide 14 intact (as shown schematically in Figure 21). 
[0025] This means that, during the process opera- 
tions between the two nitride depositions, HF etchings 
will be applied to remove any residual oxynitride 22 from 
the interface of the two nitride layers (15 and 21), as 
shown schematically in Figure 2J. 
[0026] Following a step of anisotropically removing 
the nitride layer 21, the resulting trench 23 is filled with 
a filling material 24, specifically a polysilicon filling ma- 
terial (as shown schematically in Figure 2K). 
[0027] Thereafter, the polysilicon filling material 24 is 
removed from the surface, which is an endpoint with re- 
spect to the hardmask layer 16 (etching back step), 
thereby to leave some polysilicon 24 inside the trench 
23 (as shown schematically in Figure 2L). At this stage, 
the polysilicon filling material 24 is overetched slightly 
so that the following cap oxidising step can be planar 
with respect to the field oxide 14. 
[0028] After this etching back step of the polysilicon 



filling material 24, the hardmask layer 16 left-over is re- 
moved. It is therefore important to have a robust inter- 
face provided between the nitride regions 15 and 21 
which is capable of withstanding the protracted expo- 
5 sure to the etchant involved in the removal of the hard- 
mask layer 16. 

[0029] It should be noted that the hardmask layer 1 6 
is not to be removed before the polysilicon filling material 
24 is deposited into the trench 23. Otherwise, the buried 
10 oxide layer 12 would be removed with it, since, at this 
stage, the bottom of the trench 23 is not protected by 
any nitride layer, and the required vertical dielectric in- 
sulation of the trench 23, and hence of the well 2, is miss- 
ing. 

15 [0030] Furthermore, even with the polysilicon filling 
material 24 in the trench 23, a nitride layer 21 would still 
be necessary to provide side spacers and prevent an 
etching of the hardmask layer 16 from intruding also into 
the field oxide 1 4 (as shown schematically in Figure 2M). 
[0031] After removal of the hardmask layer 16, the 
whole surface of the semiconductor device, excepting 
the polysilicon filling material 24, will be covered with 
silicon nitride (layers 15 and 21). An oxidising step is 
then carried out to oxidise and plug up dielectrically the 
polysilicon filling material 24 in the trench 23, thus form- 
ing the so-called cap oxide 25 (as shown schematically 
in Figure 2N). 

[0032] At this point, the silicon nitride of the layers 15 
and 21 is removed, to leave the well 2 sides insulated 
dielectrically by the trench 23 thus obtained (as shown 
schematically in Figure 20). The combination of the 
trench 23 and the buried oxide layer 1 2 in mutual contact 
form the dielectric insulation of the well 2. 
[0033] It thus becomes possible to go through further 
processing steps and integrate a number of devices in 
such a well 2, now dielectrically insulated. 
[0034] Although achieving its object of providing a di- 
electrically insulated well in a SOI substrate, the above 
known solution involves a long and complicated proce- 
dure, and has technological limitations which demand 
compromise processing. Particularly overetching, when 
removing the silicon nitride layer 1 5, may cause struc- 
tural problems in the trench 23, as shown schematically 
in Figures 3A and 3B. 

[0035] These problems can be obviated by dry etch- 
ing, rather than wet etching, the silicon nitride layer 15. 
In practice, this choice may result in a thin layer 26 of 
so-called pad oxide becoming damaged which would be 
present in the active regions of the semiconductor de- 
vice where no thick field oxide 14 is provided (as shown 
schematically in Figure 3C). Before this dry etching can 
be applied to the silicon nitride layer 15, the pad oxide 
26 must be removed and a better quality oxide grown 
instead, which further lengthens the process sequence. 
[0036] Also, the thickness of the hardmask layer 16 
would exit the etching step for forming the trench 23 with 
uneven spots. 

[0037] Finally, the trench 23 must be filled before the 
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hardmask layer 16 is removed, to avoid etching away 
the buried oxide layer 12. This process limitation intro- 
duces some problems to the step of etching back the 
polysilicon filling material 24. Controlling the planarity of 
the semiconductor device surface near the trench 23 af- 5 
ter said step of etching back the polysilicon filling mate- 
rial 24, is made difficult (as shown schematically in Fig- 
ures 4A and 4B) by that the depth to which the polysili- 
con filling material 24 is etched inside the trench 23 is 
proportional to the thickness of the hardmask layer 16, io 
and the thickness of the hardmask layer 16 shows un- 
evenness after the etching of the trench 23. 
[0038] Also described in the aforementioned US pat- 
ent is an alternative process for removing the hardmask 
layer 16 before the step of filling the trench 23 with the *5 
polysilicon filling material 24, without etching away the 
buried oxide layer 12. 

[0039] After completing the process steps just de- 
scribed up to the depositing step of the nitride layer 21 , 
a dry etching step is carried out with different pressure 20 
and power parameters with respect to the previous em- 
bodiment, so as to retain a residual amount 21 * of nitride 
on the bottom of the trench insulating structure (as 
shown schematically in Figures 5A and 5A-1). 
[0040] Presently, the hardmask layer 16 is removed, 25 
and the steps of depositing, etching back and oxidising 
the polysilicon filling material 24 are carried out similarly 
as in the above-described process sequence (as shown 
schematically in Figures 5B to 5E), the nitride layer 15 
is removed, and a trench 23 is thus completed with re- 30 
sidual nitride 21* left on the trench bottom (as shown 
schematically in Figure 5F). 

[0041] A first embodiment of the trench 23, shown 
schematically in Figures 6A to 6E, is also described 
wherein the nitride layer 15 is removed initially to also 35 
take away corner edges 27. Thereafter, another nitride 
layer 28 is grown which conforms with the underlying 
structure, and the structure is completed by the previ- 
ously described process steps. 

[0042] A second embodiment of the known trench 23\ 40 
shown schematically in Figures 7A to 7E, can be ob- 
tained by removing the nitride layer 15 and depositing 
the polysilicon filling material 24 directly, the structure 
being completed by the previously described process 
steps. 45 
[0043] The alternative embodiments shown in Fig- 
ures 5A to 5F, and 6A to 6E, provide trench insulating 
structures which have no nitride layers inside the trench- 
es, thus eliminating the risk of this internal layer of nitride 
causing stresses and flaws to appear in the SOI sub- 50 
strate next to the trench walls. 

[0044] In these alternative embodiments, however, 
the selectivity of some processing steps with respect to 
others is critical, and calls for a complicated and vari- 
ously compromised process sequence. 55 
[0045] In particular, and as indicated in the aforemen- 
tioned patent, the buried oxide layer 12 typical of SOI 
substrates must be protected during the etching steps 



to form the trench 23. 

[0046] In addition, the trench 23 is formed after the 
field oxide 14 is grown, that is after defining the active 
areas of the components. This requires that the thick- 
ness of the field oxide 14 be preserved during the etch- 
ing steps necessary to form the trench 23. 
[0047] The above limitations to the process call for 
depositions of at least two nitride layers, and create 
problems of selectivity in connection with the required 
etchings to integrate the trench 23 as well as protect the 
field oxide 14. 

[0048] Forming a trench of insulating structure 23 as 
taught in the aforementioned patent, in accordance with 
the main process flow and its alternative embodiments, 
involves long and complicated processing steps, and 
places constraints on the fabrication of the semiconduc- 
tor device as a whole. 

[0049] Integrating dielectrically insulated structures in 
SOI substrates has a further problem in the quality of 
the side insulation provided for the well by the trench 
insulating structure. 

[0050] For example, the development of flaws from 
mechanical stress in the silicon regions which surround 
the trench insulating structure, or the silicon regions 
near the corners of the well defined by such a structure, 
where the trench is contacting the buried oxide layer, 
may lead to leakage, early breakdown, or breakdown 
instability, especially at high operating voltages of the 
well. 

[0051] To remove this critical factor, it has been known 
to bias the polysilicon trench filling material 24 so as to 
maintain a stable electrical isolation of the components 
integrated in the various isolation wells of the wafer. This 
bias method involves, however, changes to the structure 
and the process previously described. 
[0052] Methods of biasing the polysilicon filling mate- 
rial of a dielectric trench which are consistent with SOI 
substrate technologies are described in US Patents No. 
5,914,523 to R. Bashir et al. ( and No. 6,071,803 to M. 
J. Rutten et a!., for example. 

[0053] In particular, the above-mentioned first patent 
describes a process for obtaining a metallisation trench 
which is partly insulated dielectrically and allows top- 
bottom contact of the silicon regions located in the han- 
dle-wafer and in the device-wafer, in order to overcome 
problems of integration of ESD structures in dielectrical- 
ly insulated technologies. 

[0054] The resulting structure is in contact with the 
trench filling material, thereby overcoming the problems 
of unstable insulation mentioned above. 
[0055] The above-mentioned second patent de- 
scribes a process for obtaining a trench insulating struc- 
ture in a SOI substrate. In particular, the process sets 
out from a trench 23 (Figure 2N) obtained in accordance 
with the first patent, and comprises an oxidising step of 
the polysilicon filling material 24 of the trench (as shown 
schematically in Figure 8A), which results in a nitride, 
layer 29 being formed. 
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[0056] The nitride layer 29 and a portion of the nitride 
layer 21 are then etched away to leave a side portion 
30 of polysilicon exposed (as shown schematically in 
Figure 8B). 

[0057] The exposed polysilicon side portion 30 is 0.5 
micron at the deepest. 

[0058] A further layer 31 of polysilicon is then depos- 
ited onto the entire surface of the semiconductor device 
to cover the formed trench (as shown schematically in 
Figure 8C). 

[0059] It should be noted that the polysilicon layer 31 
will be contacting the polysilicon filling material 24 
through the exposed polysilicon side portion 30, the de- 
positing step being self-aligned and requiring no addi- 
tional masking. 

[0060] Briefly, the bias contact to the trench polysili- 
con filling material 24 is established by a second poly- 
silicon layer 31 , the latter being optionally useful to con- 
tact active regions of the components as well. 
[0061] All of the conventional trench insulating struc- 
tures in a SOI substrate described hereinabove involve 
long and complicated sequences of fabrication steps, 
and place heavy constraints on the construction of the 
whole semiconductor device, especially the trench, 
while also creating problems of criticality of the etching 
steps and selectivity of the materials to be used, which 
all restrict their applicability. 

[0062] The underlying technical problem of this inven- 
tion is to provide a process for integrating a semicon- 
ductor device having an insulating structure in a SOI 
substrate, which process has structural and functional 
features appropriate to make the process sequence 
simple and overcome the drawbacks with which con- 
ventional processes are still beset. 

Summary of the Invention 

[0063] The principle on which this invention stands is 
one of using the nitride layer from the initial step of fab- 
ricating the semiconductor device as a hardmask, and 
forming the dielectric trenches for insulating the well of 
the semiconductor device before the active areas of the 
components to be integrated in the well are defined, 
thereby reducing the number of and making the integra- 
tion process steps simpler and more flexible to carry out. 
[0064] Based on this principle, the technical problem 
is solved by an integration process as previously indi- 
cated and defined in the characterising portion of Claim 
1. 

[0065] The features and advantages of the integration 
process according to this invention will be apparent from 
the following description of embodiments thereof, given 
by way of non-limitative examples with reference to the 
accompanying drawings. 

Brief Description of the Drawings 



Figure 1 shows schematically a semiconductor de- 
vice having an insulating structure and being inte- 
grated in a SOI substrate, according to the prior art; 

5 Figures 2A to 20 show schematically the device of 

Figure 1 at different stages of its fabrication proc- 
ess, according to the prior art; 

Figures 3A to 3C show schematically the device of 
10 Figure 1 at different stages of an alternative embod- 
iment of its fabrication process, according to the pri- 
or art; 

Figures 4A and 4B show schematically the device 
15 of Figure 1 at different stages of another alternative 
embodiment of its fabrication process, according to 
the prior art; 

Figures 5A to 5F show schematically the device of 
20 Figure 1 at different stages of a further alternative 
embodiment of its fabrication process, according to 
the prior art; 

Figures 6A to 6E show schematically the device of 
25 Figure 1 at different stages of still another alterna- 
tive embodiment of its fabrication process, accord- 
ing to the prior art; 

Figures 7A to 7E show schematically the device of 
30 Figure 1 at different stages of another alternative 
embodiment of its fabrication process, according to 
the prior art; 

Figures 8A to 8C show schematically a detail of the 
35 device of Figure 1 at different stages of another al- 
ternative embodiment of its fabrication process, ac- 
cording to the prior art; 

Figure 9 shows schematically a semiconductor de- 
^o vice having an insulating structure and being inte- 
grated in a SOI substrate, according to the inven- 
tion; 

Figures 10A to 10S show schematically the device 
45 of Figure 9 at different stages of its fabrication proc- 
ess, according to the invention; 

Figures 1 1 A and 1 1 B show schematically the device 
of Figure 9 at different stages of an alternative em- 
50 bodiment of its fabrication process, according to the 
invention; 

Figures 12A and 12B show schematically the de- 
vice of Figure 9 at different stages of another alter- 
55 native embodiment of its fabrication process, ac- 
cording to the invention; 



[0066] In the drawings: 



Figures 1 3A and 1 3B show schematically the de- 
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vice of Figure 9 at different stages of a further alter- 
native embodiment of its fabrication process, ac- 
cording to the invention; and 

Figures 14A and 14B show schematically the de- 5 
vice of Figure 9 at different stages of still another 
alternative embodiment of its fabrication process, 
according to the invention. 

Detailed Description io 

[0067] With reference to the drawings, in particular to 
Figure 9 thereof, a semiconductor device, fabricated ac- 
cording to the invention in a SOI substrate, is generally 
and schematically shown at 100. 15 
[0068] The semiconductor device 100 includes es- 
sentially a well 200 which is formed above a substrate 
103 of the SOI type and is insulated dielectrically by a 
trench of insulating structure 104. 

[0069] As previously described with reference to the 20 
prior art solutions, the semiconductor device 100 in- 
cludes a substrate region 101 which is also known as 
the handle-wafer and is usually to provide mechanical 
support. 

[0070] Formed in the substrate region 101 is a layer 25 

102 of buried oxide (BOX) acting as vertical insulation 
for the well 200, the latter being overlaid by the SOI sub- 
strate 1 03. The well 200 also includes, formed in the SOI 
substrate 103, a high-concentration buried layer 110, 
specifically of the n type. 30 
[0071] To insulate the well 200 laterally, the semicon- 
ductor device 1 00 further includes at least one dielectric 
trench 104, contacting the buried oxide layer 102 and 
being filled with a polysilicon filling material 105. 

[0072] The semiconductor device 100 conventionally 35 
includes, formed on top of the SOI substrate 1 03, a thick 
oxide layer 106, a thin oxide layer 107, and a layer 108 
isolating the surface dielectrics of the components (VA- 
POXorTEOS). 

[0073] A metallisation 109 completes the semicon- <o 
ductor device 1 00. 

[0074] The process for integrating the semiconductor 
device 100, according to this invention, will now be de- 
scribed through its steps shown in Figures 10A to 10S. 
[0075] A so-called pad oxidising step is carried out on 45 
a SOI substrate blank which comprises a substrate re- 
gion 101, a buried oxide layer 102, and a SOI substrate 

103 wherein the high-concentration buried layer 110 lo- 
cates (as shown schematically in Figure 10A), in order 

to form a pad oxide layer 111 , and is followed by a de- so 
positing step of a nitride layer 112 (as shown schemat- 
ically in Figure 10B). 

[0076] Advantageously in this invention, the nitride 
layer 1 1 2 is used as a hardmask, unlike the conventional 
sequence. Its thickness is then calibrated on the basis 55 
of the selectivity values of silicon with respect to nitride, 
so as to ensure its performance as a hardmask through- 
out the etching steps to be carried out later in order to 



produce the dielectric trench 104. 
[0077] It should be noted that a great thickness of the 
nitride layer 112 might result in crystal stress causing 
flaws to appear in the silicon surface of the semiconduc- 
tor device 100. This potential problem has been over- 
come conventionally by keeping the thickness ratio be- 
tween the nitride layer 1 1 2 and the pad oxide layer below 
3 or 4. 

[0078] In a preferred embodiment of the semiconduc- 
tor device 100 according to the invention, the thickness 
of the pad oxide layer 111 is selected equal to about 500 
A, and the thickness of the nitride layer 112 equal to bout 
1400 A. 

[0079] The integration process according to the in- 
vention further comprises a masking step, carried out 
conventionally by depositing, exposing and developing 
a resist layer 113 so as to define a photolithographic 
opening for use in forming the dielectric trenches 104 
(as shown schematically in Figure 10C). 
[0080] The example shown in Figures 10A to 10S 
comprises a semiconductor device 100 having first A 
and second B differently constructed dielectric trenches. 
In particular, the first trench A has a polysilicon filling 
material 105 which is isolated from the surface of the 
semiconductor device 100 by a thick oxide region 106, 
and the second trench B is contacted by the surface of 
the semiconductor device 1 00. Advantageously accord- 
ing to the invention, the above-described integration 
process allows either of the above-mentioned trench 
structures to be produced as appropriate to meet indi- 
vidual application requirements. 

[0081] The integration process according to the in- 
vention is continued through an anisotropic step of dry 
etching the combination of the hardmask nitride layer 
112 and the pad oxide layer 111 (as shown schemati- 
cally in Figure 10D). The trenches 104 are then formed 
once the resist layer 113 is removed. 
[0082] In particular, the step of forming the trenches 
104 comprises anisotropically etching the silicon SOI 
substrate 103 down to the buried layer 110 (as shown 
schematically in Figure 10E). 

[0083] It should be noted that, advantageously in this 
invention, no significant etching of the buried oxide layer 
102 would occur during the etching step of the silicon of 
the SOI substrate 103, because the selectivity of silicon 
etching is much higher than oxide etching (greater than 
100:1) 

[0084] Furthermore, the thickness of the nitride layer 
112 will be diminished only marginally, because of the 
selectivity of silicon etching being higher than nitride 
etching (approximately 90:1). Accordingly, the nitride 
layer 112 can be used as a hardmask with no need of 
providing any great nitride thickness. In particular, the 
thickness of this layer will be retained, after the etching 
step, to a sufficient degree for reuse during further 
processing (as shown schematically in Figures 11 A and 
11 B, to be described in greater detail). 
[0085] Once the dielectric trench 104 is formed, the 
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integration process continues through an oxidising step 
(to about 4000 to 5000 A in a preferred embodiment) 
which also affects the sidewalls 114 of the dielectric 
trench 104 (as shown schematically in Figure 10F). 
[0086] It should be noted that the oxidising step of 5 
both walls 114 would not cause the trench 104 to be 
plugged dielectrically, by virtue of the width of the pho-. 
tolithographic opening of the dielectric trench 104. Ad- 
vantageously in this invention, the stressing effects can 
thus be attenuated in the SOI substrate 103. 10 
[0087] Also, the presence of the nitride layer 1 1 2 over 
the surface of the semiconductor device 100 disallows 
oxide growing. In practice, a thin layer 115 of oxynitride 
will form but it is of no harm to the performance of the 
semiconductor device 100. 15 
[0088] A bird's beak structure 1 1 6, known in the art as 
a LOCOS (local oxidation) structure, forms near the 
edge of the trench 104 where the nitride layer 112 is dis- 
continued. 

[0089] Unlike the prior art sequence, the etching se- 20 
lectivity of the hardmask nitride layer 112 with respect 
to the oxide affords more versatile fabrication of the 
trench 104 and the dielectric isolation well 200. 
[0090] The hardmask nitride layer 112 can be re- 
moved, however, if required by the peculiar require- 25 
ments of structure, for example to grow a so-called side- 
wall oxidised layer over the silicon surface as well (as 
shown schematically in Figures 12A and 12B, to be de- 
scribed in greater detail), or to perform low-energy ion 
implantations in the silicon surface, or to deposit a die- 30 
lectric layer to an even thickness onto the whole wafer 
(concurrently onto the surface of the semiconductor de- 
vice 100 and inside the trench 104). 
[0091] In the last-mentioned instance, the pad oxide 
layer 111 may also be removed from the surface of the 35 
semiconductor device 1 00 without significantly affecting 
the thickness of the buried oxide layer 1 02. In fact, since 
the pad oxide layer 111 is very thin, a reduction in the 
thickness of the buried oxide layer 102, in consequence 
of the layer 111 etching, would prove trivial even with 40 
technologies which utilise SOI substrates having a thin 
buried oxide layer 102. 

[0092] The above approach may be applied, for ex- 
ample, to a buried oxide obtained by the SIMOX tech- 
nique, wherein the thickness of the buried oxide layer 45 
1 02 would be on the order of a few thousand Angstroms. 
[0093] On the other hand, according to the prior art 
process sequence, forming the trench insulating struc- 
ture after the field oxide is defined requires that the thick- 
ness of the field oxide layer be preserved, as by means 50 
of a dedicated nitride layer, throughout the etching steps 
for forming the trench. 

[0094] The integration process according to the in- 
vention further comprises a step of filling the dielectric 
trench 104 by depositing a polysilicon filling material 105 55 
onto the entire surface of the semiconductor device 1 00 
(as shown schematically in Figures 10G). 
[0095] It should be noted that the thickness of the 



polysilicon filling material 105 should be adequate to 
plug up the trench 104. In a preferred embodiment, the 
polysilicon filling material 1 05 has a thickness of approx- 
imately 7000 to 8000 A. 

[0096] A step of planarising the surface of the semi- 
conductor device 1 00 is then carried out by etching back 
the polysilicon filling material 105. The etchback com- 
prises, as the skilled ones in the art know well, a first 
isotropic sub-step carried out as wet etching for remov- 
ing the LOCOS structure 116 left on top of the trench 
104 by the amorphous silicon deposition, and a second 
anisotropic endpoint sub-step carried out as dry etching 
(followed by an overetching step) on the underlying ni- 
tride layer 112 (as shown schematically in Figure 10H). 
[0097] In practice, the nitride layer 1 1 2 will be covered 
with a thin layer 115 of oxynitride from a previous side- 
wall oxidising step, for example. However, the oxynitride 
of the layer 115 has a selectivity greater than 10:1 with 
respect to the polysilicon etchback, and is not a problem 
to this etching step. 

[0098] The integration process continues through a 
step of coating the surface of the semiconductor device 
1 00 with a protective resist layer, and a step of dry etch- 
ing away the polysilicon on the wafer back side, known 
as back-etch. 

[0099] The back-etching step is followed by a step of 
removing the combination of the nitride layer 112 and 
the underlying pad oxide layer 111 by wet etching, and 
an oxidising step to form a thin surface oxide layer 117 
(as shown schematically in Figure 101) to act as pre-im- 
plantation oxide for subsequent implantations. 
[0100] It would be possible to only remove the hard- 
mask nitride layer 112, in which case the oxidising step 
would be unnecessary. 

[0101] For the instance under consideration of a sem- 
iconductor device 100 being fabricated with BiCMOS 
technology, the integration process according to the in- 
vention would further comprise a plurality of masking 
(deposition and development of a resist layer), implant- 
ing, and annealing steps directed to integrate sinker lay- 
ers of the n and p types where required for forming the 
various components. 

[01 02] During any of these steps, the polysilicon filling 
material 105 of the trench 104 may be doped with the 
same (n- or p-type) dopant as is used for integrating the 
sinker layers. The polysilicon filling material 105 may be 
formed in situ during the deposition process. 
[01 03] With technologies, such as MOS technologies, 
that do not require sinker layers, but require enhance- 
ment of the polysilicon filling material 1 05 of the dielec- 
tric trench 104, indeed, the planarising or etching back 
step may be followed by another oxidising step of the 
pre-implantation oxide layer 117, and an enhancement 
implanting step carried out over the entire surface of the 
semiconductor device 100 with a dopant which will ad- 
vantageously be self-aligned to the regions of the trench 
104 by virtue of the LOCOS structure 116 provided (as 
shown schematically in Figure 10L). 
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[0104] Self-alignment of the enhancement dopant for 
the polysilicon 105 inside the trench 104 is an inherent 
feature to the integration process according to the in- 
vention due to the provision of the nitride layer 112 
around the trench and the underlying bird's beak struc- 
ture 116 near the surface of the trench 104. 
[0105] In the instance of integration with BiCMOS 
technologies, if the energy of the enhancement implan- 
tation disallows use of the hardmask nitride layer 112, 
or if a screen formed from the nitride layer 112 is critical 
to potential overflowing of the dopant outside the trench 
104, or if the hardmask nitride layer 112 has been re- 
moved directly after the polysilicon back-etching step, 
then the enhancement dopant used in the integration 
process according to the invention would be also self- 
aligned to the trench 104 by virtue of the LOCOS struc- 
ture 116 surrounding the trench 104. In this case, it will 
suffice to set a masking resist layer 118, provided to de- 
fine convenient openings C at deep enhanced regions 
or sinker layers 119, back from the bird's beak of the 
LOCOS structure 1 1 6 (as shown schematically in Figure 
10M). 

[0106] Specifically in the instance of integration tech- 
nologies whereby bipolar (e.g. BiCMOS) components 
are integrated, the process sequence described so far 
would exhibit another favourable feature, i.e., self-align- 
ment of the sinker layers 119 with respect to the trench 
104. In particular, self-alignment is achieved by remov- 
ing the masking resist layer 118 around the trench 104 
from the side of the well 200 where the sinker layer 119 
is to be integrated (as shown schematically in Figure 
10N). 

[0107] Under such conditions, self-alignment of the 
deep sinker layers advantageously allows the structure 
of an integrated component to be kept most compact. 
[0108] After integrating the sinker layers 119 and be- 
fore defining the active areas of the components, addi- 
tional masking, implanting and annealing steps may be 
carried out in order to provide p-well and n-well layers 
wherever required for integrating complementary bipo- 
lar or unipolar components. 

[0109] Advantageously according to the invention, 
these layers would be integrated before the active area 
is defined, so that aligned structures to the trench 104 
bordering the isolation well 200 can be obtained which 
are unaffected by the required alignment to subsequent- 
ly define a LOCOS structure 116* related to the active 
area. 

[0110] Shown in Figure 1 00 by way of example is the 
integration of a p-well type of well 1 20, carried out before 
the active areas of the components are defined but after 
the sinker layer 11 9 is formed, using an additional mask- 
ing layer 121 . 

[0111] By having the layers defined before the active 
areas self-aligned independently of those defined after- 
ward, greater versatility is obtained for the integration of 
components inside the isolation well 200 produced by 
the integration process of this invention, as explained 



hereinafter. 

[0112] The integration process of this invention com- 
prises in this case a step of defining active areas of com- 
ponents, e.g. using a conventional LOCOS technique, 
5 subsequent to a step of defining p-well and n-well layers 
by photomasking, implanting and annealing steps. This 
active area defining step provides for removing the pre- 
viously formed layer 117 of pre-implantation oxide, 
growing another thin oxide layer 1 22 (approximately 200 
to 300 A thick in a preferred embodiment), also known 
as pad oxide; depositing a nitride layer 123 (approxi- 
mately 600 to 700 A thick in a preferred embodiment); 
and photomasking and etching the nitride layer 123 at 
the locations of so-called field regions 124 (as shown 
schematically in Figure 10P). 

[0113] During the masking process, the nitride layer 
123 is not removed from over the trenches 104 where 
the polysilicon filling material 105 is to be contacted; so 
as to prevent growth of the field oxide 1 06. It should be 
noted that an advantage of this invention is that, during 
the contact patterning step, the whole surface of the 
trench 104 has the same degree of planarity as the ac- 
tive regions. 

[0114] The integration process according to the in- 
vention is then continued through an oxidising step (to 
a thickness of about 6000 to 7000 A in a preferred em- 
bodiment), whereby a layer 1 06 of field oxide is formed 
over the regions 124 from which the nitride layer 123 
has been removed (as shown schematically in Figure 
10Q). 

[0115] After the active area is defined as above, the 
integration process is carried on conventionally to inte- 
grate surface layers for use in forming various (unipolar 
or bipolar) components. In particular, the following steps 
are carried out: 

jointly removing the nitride layer 123 and thin pad 
oxide layer 122, and growing and removing a sac- 
rificial oxide (approximately 200 to 300 A thick in a 
preferred embodiment), as shown schematically in 
Figure 1.0R; 

growing a gate oxide (to a thickness of about 70 to 
1 50 A in a preferred embodiment), and depositing 
a polysilicon layer (to a thickness of about 3000 to 
4000 A in a preferred embodiment) in view of form- 
ing a gate terminal for unipolar components; 

depositing a dielectric layer (to a thickness of about 
3000 to 4000 A in a preferred embodiment) in view 
of having a spacer formed; and 

defining all the other layers required for integrating 
the structures of various components (as shown 
schematically in Figure 10S for body, base, source, 
drain, and emitter regions). 

[0116] It should be noted that, once the above proo- 
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ess is completed, the surface layers will either be self- 
aligned along the peripheral regions of the well 200 by 
virtue of the bird's beak LOCOS structure 116*. or be 
aligned in the internal regions created with the photore- 
sist masking layer 118, according to necessity. 
[0117] Furthermore, it can be appreciated that having 
the layers, defined ahead of the active area, self-aligned 
independently of the layers, defined after the active ar- 
ea, affords a more versatile integration of components 
within the isolation well 200. 

[01 1 8] The bird's beak structures that form around the 
trench 104 during the sidewall oxidising step, as well as 
during the field oxidising step, set a minimum distance 
between the layers self-aligned to them and the side di- 
electric of the trench 104. 

[0119] In particular, since the self-aligned layers by 
the LOCOS structure 116 created during the sidewall 
oxidising step are bulk layers, and hence deeper and 
more diffused than the technology (sinker, p-well, n- 
well), the dopant will diffuse laterally farther than the 
minimum distance dictated by self-alignment, and there- 
fore contact the sidewall oxide of the trench 104 directly, 
thus preventing pn surface junctions from forming near 
the trench 104. 

[0120] It should be considered in this respect that the 
presence of a surface p-well beside the trench 1 04 leads 
to the appearance of a pn surface junction due to the 
intermediate n layer which separates it from the trench 
104 (pn surface junction). In this case, the depletion of 
this pn surface junction would come in direct contact 
with the trench 104. 

[0121] Advantageously according to the invention, a 
direct contact of the dopant side diffusion with the side- 
wall oxide of the trench 104 prevents the depleted re- 
gions of the pn surface junctions from contacting the 
walls 114 of the trench 104 and cause potential leakage 
phenomena. For example, as shown schematically in 
Figure 100, the p-well layer 120 is in direct contact with 
the trench B, thus preventing the formation of pn surface 
junctions. 

[01 22] This layer 1 20 forms a pn bulk junction, whose 
depletion does not affect the surface regions. 
[01 23] In the instance of the layers self-aligned by the 
LOCOS structure 116* created during the field oxidising 
step, since these are the layers where the surface struc- 
tures of the components, and hence the thin and shal- 
low-diffused layers of the technology (bases, emitters, 
sources, drains, enhancements), are formed, the do- 
pant will diffuse laterally less than the minimum distance 
dictated by the self-alignment LOCOS structure 116*. 
Thus, pn surface junctions are formed whose depleted 
regions may cause leakage phenomena. 
[0124] Advantageously according to the invention, by 
having the bulk layer integrated independently of the 
surface layers, electrical continuity of the surface layer 
dopant to the trench is ensured. It will suffice for the pur- 
pose to preliminarily integrate, where necessary, at the 
expected interspace surface junction which might form 



subsequently to the field oxide realisation, a portion of 
a bulk layer doped with the same sign as the surface 
layer dopant and extending far enough to ensure elec- 
trical continuity between the two layers. 
5 [0125] The well 200, being insulated dielectrically by 
the trenches 1 04, is thus specially versatile and adapted 
to produce voltage-bearing edge structures for the de- 
vices, or for all those structures which usually enter the 
fabrication of devices which requires on one or more op- 
erating high voltages (as VDMOS, MOS-drift, etc.). 
[0126] After completing the structures for the various 
components, the integration process according to the 
invention provides a depositing step of a dielectric insu- 
lating layer 108, in this case VAPOX (of approximately 
3000 A), which is necessary to have the various com- 
ponents conventionally isolated from one another. 
[01 27] The integration process is completed by a step 
of uncovering the contact regions (including trenches 
104 for which metal contacts are desired, as in the case 
of trench B), and a conventional sequence of steps are 
then carried out to complete the integration of the re- 
maining surface layers, such as metallisation, insulating 
dielectrics, and passivants (as shown schematically in 
Figure 10S). 

[0128] The integration of the semiconductor device 
100 according to the BiCMOS technology, and provided 
with dielectric insulation according to the invention, is 
thus complete. 

[0129] It should be noted that the semiconductor de- 
vice 1 00, obtained with the integration process accord- 
ing to the invention and shown schematically in Figure 
10S, includes a buried layer 102 of the n type, since an 
npn bipolar component has been taken to exemplify a 
device integration in the well. 

[0130] In a more general way, buried layers of n- or 
p-type may be formed inside the isolation well 200, ac- 
cording to the types of the devices to be integrated in 
the well 200. These buried layers may provide, for ex- 
ample, collector and/or drain regions respectively for bi- 
polar and unipolar components. 

[0131] Buried layers, of p- or n-type, may also be 
formed during fabrication of the SOI substrate 103, ei- 
ther by carrying out an initial implanting step affecting 
the entire surface of the device-wafer back side, before 
the bonding process, or by masking, implanting, and an- 
nealing the surface of the device-wafer, followed by epi- 
taxial growth. These conventional processes are also 
applicable to relatively thin SOI substrates. 
[01 32] Advantageously according to the invention, an 
alternative embodiment of the isolation well 200, having 
the same structural features, comprises a single nitride 
layer, serving as a hardmask layer to form the trench as 
well as to define the active areas of the components. 
[0133] This alternative embodiment is shown sche- 
matically in Figures 11A and 11B. 
[01 34] A semiconductor device 1 00 has been consid- 
ered for these Figures, as it appears after the polysilicon 
etching back step (shown schematically in Figure 10H). 



15 



20 



25 



30 



35 



40 



45 



50 



9 



17 



EP 1 220 312 A1 



18 



[0135] In this alternative embodiment of the integra- 
tion process according to the invention, the combination 
of the nitride layer 112 and the pad oxide layer 1 1 1 is not 
removed (as shown schematically in Figure 11 A). Ac- 
cordingly, the polysilicon filling material 1 05 of the trench 5 

104 is doped directly using the same dopant as in de- 
fining the sinker regions 119, as previously described. 
[01 36] The presence of residual hardmask nitride lay- 
er 112 all over the surface of the semiconductor device 

1 00 requires that the implantations for defining the sink- io 
er regions 119, as well as the p-well and n-well layers, 
be formed at a slightly higher energy. 
[0137] The sinker regions 119 may be integrated, if 
desired, by removing the nitride layer 112 in a masking 
and etching step, since the high dosage used in forming *5 
the layers, at the higher implanting energy needed to go 
through the nitride layer 112, may limit the development 
of the implanting step. 

[01 38] Because of the hardmask nitride layer 1 1 2 be- 
ing also used for defining the active areas of the com- 20 
ponents, removal of the nitride layer 112 from the sinker 
regions 119 results in the field oxide 106 being grown 
thereon. In actual practice; this will not affect the per- 
formance of integrated devices thus fabricated, since 
the sinker regions 119 would be separated from the ac- 25 
tive regions by the field oxide itself. 
[01 39] This same way of reasoning also applies to the 
surfaces of the trenches 104, where the absence of a 
second nitride layer for defining the contact regions re- 
sults now in the field oxide layer 106 being grown (as 30 
shown schematically in Figure 11B). 
[0140] In this case, before defining the insulating sur- 
face dielectric of the components, a photomasking and 
etching process must be carried out to remove the thick 
oxide layer 106 such that contacts are opened in the 35 
sinker regions 119 and in the polysilicon filling material 

105 of the trench 104. 

[0141] The remainder of the process sequence is as 
previously described, up to completion of the structure. 
[0142] Advantageously according to the invention, *o 
another alternative embodiment of the isolation well 200 
is as shown schematically in Figures 12Aand 12B. 
[0143] Here again, a single nitride layer 112 is used, 
but this layer is removed immediately after defining the 
trench 104. In this case, the underlying thin pad oxide 45 
layer 111 may also be removed. 

[0144] In particular, a semiconductor device 100 has 
been considered for Figures 1 2A and 1 2B, as it appears 
after the trench etching step (shown schematically in 
Figure 10E). 50 
[0145] According to this alternative embodiment, the 
integration process of the invention includes a step of 
removing the nitride layer 112 (optionally, the pad oxide 
layer 111 as well), and an oxidising step (to a thickness 
of about 4000 to 5000 A in a preferred embodiment) 55 
which also affects the sidewalls 114 of the trench 104. 
It should be noted that the absence of a nitride layer 1 1 2 
results in an oxide layer 125 being grown also on the 



surface of the semiconductor device 100. 
[0146] Thereafter, a depositing step of the polysilicon 
filling material 105 in the trench 104 (as shown sche- 
matically in Figure 12A), and a planarising step to re- 
move the polysilicon from the wafer surface, are carried 
out. 

[0147] For example, this planarising step may be an 
endpoint planarising step carried out on the underlying 
oxide layer 125 and followed by overetching to set back 
the polysilicon 105 as far as the silicon/oxide interface. 
[0148] A pre-implantation oxidising step is then car- 
ried out (to a thickness of about 200 to 300 A in a pre- 
ferred embodiment) to have a pre-implantation oxide 
126 grow on just the polysilicon filling material 105 of 
the trench 104 (where desired), not on the remaining 
surface of the semiconductor device 100 where the 
presence of an oxide layer 125 of substantial thickness 
would prevent any growth of significance. 
[0149] Advantageously according to the invention, in 
the instance of a semiconductor device 100 being inte- 
grated with MOS technology, just as assumed herein- 
above, the polysilicon filling material 105 may be en- 
hanced by implantation of the semiconductor device 
100 throughout, the substantial thickness of the oxide 
layer 125 covering the whole surface (but for the trench 
104 where the polysilicon filling material 105 would be 
exposed) and allowing the polysilicon 105 inside the 
trench 104 to be doped in a self-aligned manner. 
[0150] The polysilicon 105 would be doped as previ- 
ously described (e.g., at the same time as the sinker re- 
gions 119 are integrated) even in the more general case 
of BiCMOS integration technologies. The active areas 
of the components are then defined by means of a 
masking and etching process directed to remove the 
thick oxide layer 125 from the surface of the semicon- 
ductor device 1 00. The p-well and n-well layers are then 
integrated (as shown schematically in Figure 12B). 
[01 51 J From now on, the process sequence is the 
same as previously described, up to completion of the 
semiconductor device 100. 

[01 52] A major d ifference in the semiconductor device 
1 00 having a trench insulating structure, as formed by 
said another alternative embodiment of the integration 
process according to the invention, is a lesser degree 
of surface planarity of the semiconductor device 100, 
which is due to the absence of a nitride layer for defining 
the active area (and absence, therefore, of the conven- 
tional LOCOS technique). The isolation well 200 is 
made more compact, though, by the absence of bird's 
beak structures all around the periphery of the trench 
1 04, the layers from which the component structures are 
formed being aligned by the simple expedient of using 
a photoresist masking layer. 

[0153] Advantageously according to the invention; 
the p-well and n-well layers are, differently from before, 
formed after the active area is defined, and by reason 
of the LOCOS structures being missing, self-alignment 
of the bulk layers will not be naturally independent of the 
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surface layers. A degree of independence may yet be 
established between said layers, if necessary, by mask- 
ing with an appropriate resist layer during the doping 
step. 

[0154] Furthermore, for electrical continuity to exist 
from the p-type bulk layers to the dielectric trench 104 
(e.g., the p-well, so as to avoid pn surface junctions to- 
ward the trench), a portion 127 of the thick field oxide 
106 should be removed locally from the trench 104 side 
lying within the isolation well 200, during the active area 
definition (as shown schematically in Figure 12B for 
trench B). 

[0155] A further alternative embodiment of the isola- 
tion well 200 may be provided as shown schematically 
in Figures 13A and 13B. 

[01 56] This alternative embodiment also uses a single 
nitride layer, but allows self-alignment of the bulk layers 
to be independent of the surface layers in an inherent 
manner to the structure. In this case, the field oxidising 
step provided in the previous alternative embodiment of 
the integration process according to the invention can 
be omitted. 

[0157] A semiconductor device 100 is considered as 
it appears after the trench etching step (shown schemat- 
ically in Figure 10H). 

[0158] According to this alternative embodiment of 
the integration process of the invention, an oxidising 
step is carried out to form a thin oxide layer 1 28 on the 
surface of the polysilicon filling material 105 of the trench 
1 04, followed by a step of removing the hardmask nitride 
layer 112 (as shown schematically in Figure 13A). 
[01 59] This alternative embodiment of the integration 
process according to the invention further comprises a 
step of doping the polysilicon filling material 105 of the 
trench 104, a step of integrating the bulk layers (as 
shown schematically in Figure 13B), and a step of inte- 
grating the remaining surface layers as previously dis- 
cussed. 

[0160] It should be noted that the absence of a field 
oxide layer 106 causes no structural problems because 
the side insulation, provided by the dielectric trenches 
104 and the LOCOS structure 116 around the latter, is 
adequate to ensure both dielectric insulation and good 
performance of the components inside the well 200. In 
this case, the active area of the semiconductor device 
100 would be substantially coincident with the area bor- 
dered by the trenches 104. 

[0161] Furthermore, no problems are posed by the 
absence of a thick oxide layer 1 06 from the isolation re- 
gion between the bases and the collectors of bipolar 
components, and between the bodies and the drains of 
VDMOS components, (which region would be defined 
by a thick oxide layer in known devices as well), on ac- 
count of the insulating dielectric integrated during the 
contact-forming step, especially where low-voltage 
components are involved. 

[0162] Figures 14Aand 14B illustrate, by way of non- 
limitative example, the versatility of the structure of the 



isolation well 200 according to the invention. In particu- 
lar, a connection between the polysilicon layer, from 
which the gate terminals of unipolar components are to 
be formed, and the polysilicon filling material layer 105 
5 of the trench, or to regions inside the isolation well 200, 
is provided. 

[01 63] It should be noted that the gate polysilicon lay- 
er may also be utilised to provide component intercon- 
necting tracks between wells. 

10 [0164] A semiconductor device 1 00 has been consid- 
ered as it appears after the field oxide layer 106 is 
formed (shown schematically in Figure 10Q). The inte- 
gration process according to the invention comprises a 
step of removing the combination of the nitride layer 112 

15 and the underlying pad oxide-layer 111. 

[0165] A step of growing and removing a sacrificial ox- 
ide, a step of growing a gate oxide 129, and a step of 
masking and etching away such a gate oxide 129 from 
regions of interest, e.g. the interior of the well 200 and/ 

20 or the polysilicon filling material 105, are then carried 
out (as shown schematically in Figure 14A). 
[0166] At this stage, a depositing step of a polysilicon 
layer 130 is carried out in order to define the structures 
of the gate terminals for unipolar components, the gate 

25 polysilicon layer 1 30 also serving as an interconnect lay- 
er to connect the various integrated structures to each 
other. 

[0167] It is known to dope the gate polysilicon layer 
1 30 in situ, either during the depositing step itself or con- 
30 currently with subsequent enhancement implantations 
to be effected in order to define the emitter and source 
regions of the components integrated to the semicon- 
ductor device 100. 

[0168] In fabricating the semiconductor device 100 
35 shown in Figures 14A and 14B, it is expedient to prelim- 
inarily enhance using dopant (of p- or n-type) the areas 
of contact of the gate polysilicon layer 130 with the sili- 
con of the semiconductor device 100, so as to lower their 
contact resistance. The dopants employed to define the 
40 sinker regions 119, or a dedicated masking and implant- 
ing step, or an implanting step already provided by the 
integration process, may be used for this conventional 
operation. 

[0169] The gate polysilicon layer 130 is then etched 
45 (using an additional masking and etching step) away 
from regions of no interest (as shown schematically in 
Figure 14B). 

[0170] Finally, the resulting polysilicon regions 130* 
are insulated dielectrically by means of an oxidising step 

50 directed to provide an oxide layer, useful as a pre-im- 
plantation oxide for integrating the next layers. 
[0171] It should be noted that the semiconductor de- 
vice 100 shown in Figure 14B has a contact formed be- 
tween the gate polysilicon layer 130 and a region inside 

55 the well 200, such as the sinker layer 119, as well as to 
the polysilicon filling material 105 of trench B. If required, 
other structures may be similarly contacted. 
[0172] This alternative embodiment merely requires 
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an additional masking step, and is quite effective in the 
design of resistant devices to ionising radiation. By bi- 
asing the polysilicon filling material 105 and/or the poly- 
silicon on regions contacting the interior of the well 200, 
any parasitic components (parasitic MOS along surface 
channels, leakage between contiguous wells, break- 
down instability, etc.), due to the effect of ionising radi- 
ation can be cut off. 

[0173] For simplicity, no detailed description of con- 
ventional process steps directed to prevent develop- 
ment of flaws, such as the growth of pre-implantation 
oxides and sacrificial oxides, has been included in the 
foregoing description of the different processing steps. 
It should be understood, however, that such expedients 
may also find use in the integration process according 
to the invention, where required. 
[0174] Also, the process steps described herein- 
above in connection with the integration process ac- 
cording to the invention and its alternative embodiments 
may be variously combined to produce other structures 
for the well 200. 

[0175] To summarise, the above description of the in- 
tegration process according to the invention and alter- 
native embodiments thereof brings out that the isolation 
well 200 formed in accordance with the invention can 
admit of any process and/or structure variations or inte- 
grations. 

(01 76] In general, it will be appreciated that any struc- 
tural changes required for specific applications can be 
introduced at any stage of the process sequence, with- 
out unduly disarranging the process sequence or adding 
complicated process steps. 

[0177] These advantageous features are mainly due 
to the use of the nitride layer 112 as a hardmask, and to 
the integration of the trench 104 before the active areas 
of the components of the semiconductor device 100 are 
defined. 

[01 78] Both these features, additionally to making for 
a highly adaptable isolation well 200 to any changes in 
the process, bring about such benefits as self-alignment 
of the dopant employed to enhance the polysilicon filling 
material 105 of the trench 104 and natural decoupling 
of the integration of the bulk layers of the components 
from the surface structures, thereby improving the ver- 
satility of the isolation well 200 and its adaptability to the 
integration of more complex structures and alternative 
embodiments. 

[0179] Lastly, the integration process according to the 
invention allows an isolation well to be formed by means 
of a sequence of steps which is much more simple and 
cost effective than the conventional one. For the pur- 
pose, in the integration process according to the inven- 
tion, the trenches 104 are formed ahead of the field ox- 
ide 106, and a nitride layer grown over the pad oxide 
layer 111 as hardmask is used in such a way to over- 
come the problem posed by the buried oxide layer 102 
being etched away when the hardmask is removed. 



Claims 

1. Integration process in a SOI substrate (103), of a 
semiconductor device (100) comprising at least a 

5 dielectrically insulated well (200), which process 

comprises: 

an oxidising step directed to form an oxide layer 
(111); 

10 

a depositing step of a nitride layer (112) onto 
said oxide layer (111); and 

a masking step, carried out onto said nitride lay- 
15 er (112) using a resist layer (113) and directed 

to define suitable photolithographic openings 
for forming at least one dielectric trench (104) 
effective to provide side insulation for said well 
(200); 

20 

characterised in that it further comprises: 

an etching step of said nitride layer (112) and 
said oxide layer (111), as suitably masked by 
25 said resist layer (113), said nitride layer (112) 

being used as a hardmask; 

a step of forming said at least one dielectric 
trench (104) and comprising at least one etch- 
30 ing step of said substrate (103), an oxidising 

step of at least sidewalis (114) of said at least 
one dielectric trench (104), and a fitting step of 
said at least one trench (104) with a filling ma- 
terial (105); and 

35 

a step of defining active areas of components 
to be integrated in said well (200), being carried 
out after said step of forming said at least one 
dielectric trench (104). 

40 

2. Integration process according to Claim 1, charac- 
terised in that said oxidising step of said sidewalis 
(114) of said at least one dielectric trench (104) 
does not plug it up dielectrically, and that said nitride 

45 layer (11 2) on the surface of said semiconductor de- 
vice (100) prevents oxide from being grown during 
said oxidising step. 

3. Integration process according to Claim 1, charac- 
50 terised in that it further comprises a step of remov- 
ing said hardmask nitride layer (112), and a further 
step of growing an oxidation layer on the surface of 
said semiconductor device (100). 

55 4. Integration process according to Claim 3, charac- 
terised in that it further comprises a further step of 
removing said oxide layer (111). 
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5. Integration process according to Claim 1, charac- 
terised in that said oxidising step produces a plu- 
rality of bird's beak structures (116) at the edges of 
said at least one dielectric trench (104) where said 
nitride layer (112) is discontinued. 

6. Integration process according to Claim 5, charac- 
terised in that it further comprises a further step of 
planarising the surface of said semiconductor de- 
vice (1 00) by etching back said filling material (1 05), 
thereby removing said plurality of bird's beak struc- 
tures (116). 

7. Integration process according to Claim 5, charac- 
terised in that said oxidising step places said walls 
(114) of said trench (104) in direct contact with at 
least one doped surface layer (120). 

8. Integration process according to Claim 1 , charac- 
terised in that a filling material (1 05) is used, during 
said step of filling said at least one trench, said filling 
material having a sufficient thickness to plug up said 
at least one dielectric trench (104). 

9. Integration process according to Claim 1 , charac- 
terised in that it further comprises a step of doping 
said filling material (105). 

10. Integration process according to Claim 9, charac- 
terised in that said doping step is carried out during 
a step of implanting at least one implanted layer 
needed to form components to be integrated in said 
well (200). 

11. Integration process according to Claim 9, charac- 
terised in that said doping step is carried out in situ 
during said filling step. 

12. Integration process according to Claim 9, charac- 
terised in that said doping step comprises a further 
oxidising step of a pre-implantation oxide layer 
(117), and an enhancement implanting step carried 
out on the entire surface of said semiconductor de- 
vice (100). 

13. Integration process according to Claim 5, charac- 
terised in that it further comprises a step of forming 
enhanced deep regions (119) in said well (200). 

14. Integration process according to Claim 13, charac- 
terised in that said step of forming enhanced deep 
regions (119) comprises at least one masking step 
of said well (200), carried out using a masking resist 
layer (118) to define convenient openings (C) at the 
locations of said enhanced deep regions (119), fol- 
lowed by an implanting step. 

15. Integration process according to Claim 14, charac- 



terised in that said masking resist layer (1 1 8) is set 
back from said bird's beak structures (116). 

16. Integration process according to Claim 14, charac- 
5 terised in that said masking resist layer (1 1 8) is re- 
moved from around said at least one oxidised 
trench (104) on said well (200) side. 

17. Integration process according to Claim 1, charac- 
10 terised in that it further comprises masking, im- 
planting, and annealing steps directed to produce, 
where required, convenient doped layers, before 
said active area defining step. 

15 18. Integration process according to Claim 1, charac- 
terised in that said active area defining step com- 
prises at least one depositing step of a further nitride 
layer (1 23), and a step of photomasking and etching 
said additional nitride layer (123) at the locations of 

20 field regions (124). 

19. Integration process according to Claim 18, charac- 
terised in that said further nitride layer (123) is re- 
moved from said at least one trench (104) to isolate 

25 said filling material (105). 

20. Integration process according to Claim 1 8, charac- 
terised in that said additional nitride layer (123) is 
not removed from said at least one trench (104), 

30 thereby establishing a contact to said filling material 
(105). 

21 . Integration process according to Claim 1 8, charac- 
terised in that it further comprises an oxidising step 

35 effective to form a field oxide layer (106) over said 
field regions (124) and a second plurality of bird's 
beak structures (116*) at the edges of said field re- 
gions (124) where said additional nitride layer (123) 
is discontinued. 

40 

22. Integration process according to Claim 21 , charac- 
terised in that said oxidising step is preceded by a 
step of integrating a portion of doped layer effective 
to oppose formation, from said oxidising step, of 

45 interspace surface junctions in the neighbourhood 
of said field regions (124). 

23. Integration process according to Claim 1, charac- 
terised in that said nitride layer (112) is used for 

50 said active area defining step, and that it comprises 
at least one step of photomasking and etching said 
nitride layer (112) away from field regions (124). 

24. Integration process according to Claim 23, charac- 
55 terised in that said nitride layer (112) is not re- 
moved from said at least one trench (104), thereby 
establishing a contact to said filling material (105). 
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25. Integration process according to Claim 13, charac- 
terised in that said step of forming enhanced deep 
regions (119) comprises at least one step of mask- 
ing said nitride layer (1 1 2) in order to define conven- 
ient openings (C) at the locations of said enhanced 
deep regions (119), followed by an implanting step. 

26. Integration process according to Claim 25, charac- 
terised in that it further comprises a step of remov- 
ing a thick oxide layer (106) from said at least one 
dielectric trench (104). 

27. Integration process according to Claim 1, charac- 
terised in that it comprises a further step of remov- 
ing said nitride layer (112) after said step of forming 
said at least one dielectric trench (104). 

28. Integration process according to Claim 27, charac- 
terised in that it comprises a further step of remov- 
ing said oxide layer (111) after said further step of 
removing said nitride layer (112). 

29. Integration process according to Claim 27, charac- 
terised in that said oxidising step of said sidewalls 
(114) of said at least one dielectric trench (104) 
comprises growing a further oxide layer (125) over 
the surface of said semiconductor device (100). 

30. Integration process according to Claim 27, charac- 
terised in that said active area defining step com- 
prises a step of masking and etching said further 
oxide layer (125). 

31. Integration process according to Claim 3, charac- 
terised in that it further comprises, carried out be- 
fore said step of removing said hardmask nitride 
layer (112), an oxidising step effective to form a thin 
oxide layer (128) over the surface of said filling ma- 
terial (105) of said at least one trench (104). 

32. Integration process according to Claim 1, charac- 
terised in that the thickness of said nitride layer 
(112) used as a hardmask is adequate to ensure 
proper performance during subsequent etching 
steps directed to form said at least one dielectric 
trench (104). 

33. Integration process according to Claim 32, charac- 
terised in that a value of less than 3 or 4 is selected 
for the ratio between said nitride layer (112) thick- 
ness used as a hardmask and an oxide layer (111) 
thickness. 

34. Integration process according to Claim 1 , charac- 
terised in that it further comprises a step of coating 
the surface of said semiconductor device (1 00) with 
a protective resist layer, and a step of backetching 
the back side of said semiconductor device (100). 



35. Integration process according to Claim 34, charac- 
terised in that it further comprises a step of remov- 
ing said nitride layer (112) and said oxide layer 
(111), and an oxidising step effective to form, on the 
5 surface of said semiconductor device (100), a thin 

layer (1 17) of pre-implantation oxide for said step of 
defining active areas of components to be integrat- 
ed in said well (200). 

10 36. Integration process according to any of the preced- 
ing claims, characterised in that said at least one 
dielectric trench (104) is formed to contact a buried 
oxide layer (102) underlying said substrate (103) 
and effective to provide vertical insulation for said 

*5 well (200). 

37. Integration process according to Claim 36, charac- 
terised in that it comprises a step of forming at 
least a second dielectric trench (104) providing, 
20 jointly with said at least one dielectric trench (104) 
and said buried oxide layer (102), a trench insulat- 
ing structure for said well (200). 
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